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SOME DEVELOPMENTS IN OPINIONS ABOUT THE PLACENTA
AS A BARRIER TO OXYGENt
The subject of fetal oxygenation has been of interest since the days before
Christ. The importance of breathing to adults is only too obvious. The
precise nature of the substance breathed was not determined until the
discovery of oxygen in the late 18th century. In spite of this it is only
normal that speculation should have occurred as to how the fetus in utero
in fact received whatever the substance was which adults breathed and
which was obviously necessary for survival. Aristotle and Hippocrates
assumed that since without breathing adults would die, presumably the
fetus also breathed. It was not really until the 16th century that serious
debates began about the precise nature of the oxygen supply to the un-
born fetus.
It will be the purpose of this essay to review in brief some major
historical mileposts in the ongoing debates regarding the precise nature
of fetal oxygenation. Four major theses, arbitrarily chosen, will be dis-
cussed, since they may be said to represent rather crucial ones in the
view of obstetricians.
The first thesis essentially revolves around the proposition that the
maternal and fetal vessels in the placenta are continuous and that there
is no need for the fetus to breathe since he would receive all of the
necessary vital spirit directly from his mother. This was the question
debated from the early 16th century to as late as the end of the 18th
century. Once it had been answered to the satisfaction of all with the
proof that the maternal and fetal circulations were not continuous, there
arose a set of new questions that take us into the more modern era. Here
three theses may be put as follows:
1. The placenta is a substantial barrier to the passage of oxygen.
2. The degree of barrier action to oxygen increases with advancing
gestation.
3. The barrier to oxygen is a hazard to the fetus.
For each of these theses we shall cite the evidence that could be brought
forward in favor of or in opposition to it. Even though the individual
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authors may not specifically have espoused or opposed any of the theses,
the data they reported helped to support one or another.
PREMODERN ERA
Thesis 1. - the fetus breathes independently from the mother, and the
maternal and fetal vessels are continuous.
It has already been noted that Hippocrates and Aristotle assumed that
the fetus did breathe independently. It was automatically assumed that the
fetal vessels came from the maternal menstrual vessels, and this may not
have seemed illogical since with pregnancy menstruation ceased. Among
those who espoused the cause of the continuity of the vessels was Galen.
This is all the more remarkable in that he had performed experiments that
should have permitted him to postulate the opposite. Upon tying the
umbilical artery of fetuses, he had observed that the fetal pulse continued
whereas the placental pulse ceased. This, however, was before the dis-
covery of the circulation. The theory of continuity of vessels was also
espoused by Vesalius' in 1542, who had also observed premature respira-
tion by the fetus, even though he realized the fetus did not normally do
so in utero. The theory of vessel continuity was not denied until 1564
when Arantius' categorically denied it, but without producing any proof
for his assertion.
In 1628 Nymman' commented that the pulse in the placental vessels
agreed with that of the fetal heartbeat. He agreed with Arantius that
there was no continuity between the maternal and fetal vessels but felt
that the vessels were closely apposed to each other and that as much
air as the fetus needed for survival could easily be obtained from the
maternal vessels.
In the same year (1628), Harvey' described the circulation. In one
of the chapters of his work he described the fetal circulation and described
it in essence correctly. In the light of his work the theory of the continuity
of vessels was no longer tenable, and in a later work in 1651 he drew
attention to the fact that if continuity of vessels was postulated one would
have to postulate an anastomosis between arteries of the mother and
veins of the fetus.
This definitive work did not produce an end to the argument. In 1659
Charleton7 still has the fetus breathing independently of its mother, and
visualizes a bubble atop the amniotic fluid with the fetus breathing from
it through mouth and nose. The great French obstetrician Mauriceau,8
drawing on his practical experience with cases of prolapse of the cord,
disregards any theories of fetal oral respiration and accurately describes
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fetal death by cord occlusion in terms of a theory of circulation through
the umbilical cord with absence of "revivification" of fetal blood in the
placenta. Yet not long thereafter Fabricius ab Aquapendente9 still speaks
of the continuity of vessels, and assigns no function to the fetal heartbeat,
which he describes as beating "ex sui natura." Another obstetrician,
Roederer,10 again drawing on clinical experience, would seem to have
settled the matter by his observation that, if the umbilical cord is severed,
mothers do not exsanguinate through it, and, if the fetus is delivered with
the placenta intact, the fetus does not exsanguinate through the placenta.
Still the debate did not cease. Oxygen was discovered by Scheele in 1772,
and as early as 1794 Girtanner" ascribes fetal death by occlusion of the
umbilical cord to the lack of this specific substance, and compares it to
death caused by strangulation of an adult. Yet in 1798 Scheel,' basing
his views on a series of observations of fetal death in utero, and finding
evidence of meconium in the respiratory tract of the infants, still postulates
that the breathing of the amniotic fluid is a "contributory source of
oxygen."
This period may be summarized, then, as one in which premature
respiratory movements in the fetus were by some ascribed to the normal
in utero state, whereas it was a phenomenon of distress or of transition
from the fetal to the newborn state. This inability to differentiate between
these two entities has frequently continued in experimental work until
this day. The critical proof for the independence of the two circulations
may be ascribed to Harvey, although it is seen that critical experiments
do not always settle arguments in the literature.
One further observation may be assigned to this historical period. It
is the one by Lobsteinl' who, speculating on the dark blood in the fetal
circulation, (which had been observed by others, including Harvey)
thought that too arterialized blood might be damaging to the immature
tissues of the fetus.
THE MODERN ERA
The modern era can be said to have started with the ability to measure
oxygen quantitatively in maternal and fetal blood. As a result of this the
previously cited theses could arise.
Thesis 1. - the placenta is a substantial barrier to the passage of oxygen.
Data in favor of this thesis were first gathered in 1884 when Cohnstein
and Zuntz" reported on the oxygen content of the umbilical veins and
umbilical arteries of lambs at birth and found it to be very low. In 1927
Huggette' confirmed their findings in the goat. By differential tonometry
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he constructed oxygen dissociation curves, which, while themselves in-
accurate, were of sufficient quality to show that the oxygen tension in
the umbilical circulation of the goat was indeed low. Confirmation of
these facts in the human was provided by Haselhorst1 in Germany and
by Eastman'7 in the United States.
In 1930 also, Anselmino and Hoffman,"8 who were interested in the
cause of neonatal jaundice, made a series of observations and comments
which were to have great influence on our thinking for the next two
decades. They drew attention to the following facts:
The surface area of intact chorionic villi in the placenta had been
described by Dodds"9 as being 6.5m2. He had done this study by means
of planimetry. Anselmino and Hoffman compared this figure of 6m2 with
the 140m2 that Hufner' had given as the surface area for the lung. They
also commented that since the fetal blood had a very high hemoglobin
concentration, it was difficult to saturate it with oxygen across such a
relatively small exchange area of the placenta. From the oxygen tension
in the umbilical vessels, they concluded that the oxygen pressure gradient
between the maternal and fetal circulation was considerably greater than
that which existed between the alveoli and the pulmonary vasculature.
Not unnaturally, they came to the conclusion that the placenta was indeed
a major barrier to the transfer of oxygen. They noted that the fetal heart,
compared to its body weight, was larger than that of an adult's; that the
erythrocyte count of the fetus was higher than that in an adult, and they
reported that the oxygen saturation in the umbilical vein was 20%o. They
put all of these data together and compared them to the kind of picture
seen when an adult goes to high altitude. From the figures they obtained
for oxygen saturation in the umbilical vein, they calculated that the fetus
could be described as residing at an altitude higher than that of Mt.
Everest.
Later workers were to find higher oxygen saturations in the umbilical
vessels, but due to the steepness of the fetal oxygen dissociation curve,
this did not make a major difference in oxygen pressure, and so the
concept of "Mt. Everest in utero" persisted. The concept in essence has
it that the fetus, in the course of his intrauterine existence, grows at an
oxygen pressure equivalent to that which an adult would encounter if he
were to reside at the top of Mt. Everest. It has been seen that this cir-
cumstance was ascribed in part as due to a barrier function of the placenta
to oxygen.
If with increasing growth the fetus has an increasing need for oxygen
it is only natural to ask whether with advancing pregnancy this barrier
function gets worse.
1I"
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Thesis 2. - the degree of barrier action to oxygen increases uaith
advancing gestation.
It has long been known that the human placenta, as judged by its
weight, completes most of its growth process in the earlier part of preg-
nancy, while for the fetus the reverse is true. On a weight-for-weight
basis it might then initially be assumed that the placenta doesn't manage
to keep up with the growth rate of the fetus. This of course postulates
that a fetus could grow independently from its placenta! In simple terms,
however, the question might be raised how the increasing disproportion
in weight between the placenta and fetus still permits an adequate supply
of oxygen to reach the fetus. One spoke of "the fetus outgrowing its
placenta." Metcalfe and his coworkers2' found that the weight of sheep
placental cotyledons reached its maximum about halfway through gesta-
tion while the lamb, of course, continued to grow markedly. Barcroft and
Kennedy' had previously shown that the amount of blood in the vascular
bed of the fetal side of the placenta remained about the same during the
last one-third of gestation, while the amount of the blood in the fetus
continued increasing as pregnancy proceeded. At a later date Kaiser and
Cummings? published a paper showing that the oxygen saturation in
the umbilical vein and umbilical artery of sheep decreased from about the
100th or 110th day of gestation until term. These findings all seemed
to suggest that placental development, whether from the weight point
of view, whether from the blood content point of view, or from the oxygen
saturation in the fetus point of view, failed to keep up with the growth
of the fetus. Not much later a series of statistical observations were made
showing that infants born to mothers whose gestational age had gone
much beyond that expected had a greater chance of intrauterine death,
particularly in cases of first pregnancy. Put together, all these pieces of
information made a plausible case for the thesis that the placental barrier
did indeed get worse with advancing gestation and that the fetus close
to term was approaching a crisis - the crisis being the alternative be-
tween death and escape.
Thesis 3. - the barrier to oxygen is a hazard to the fetus.
In the absence of exact criteria for defining the term "fetal hypoxia,"
the thesis that the barrier function of the placenta to oxygen was a hazard
to the fetus was frequently automatically assumed from all the previously
cited data. Low oxygen tension, low oxygen saturation, the occasional
occurrence of death, a surging interest in the obstetrical causations of
such entities as mental retardation and cerebral palsy, the concept of
Mt. Everest in utero - all these conspired together to make it a common
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feeling in the obstetrical profession that indeed the fetus was in some way
"hypoxic." In such a view "hypoxia" was based on the fact that a variety
of oxygen parameters, as well as the high fetal hemoglobin concentration,
showed that in comparison to the mother the fetus was indeed short of
oxygen. It should not be assumed that the above theses were left un-
challenged. At a variety of points in time the conclusions that might
have been drawn from the data were indeed challenged and so it is possible
to present an "anti-thesis" to each of these.
Rather than presenting data contradicting each thesis in the order
given above, the reverse order will be used since there initially was more
opposition to the third thesis than to the first.
Anti-thesis 3. - the barrier to oxygen is not a hazard to the fetus.
That the low oxygen tension in the fetal circulation, and the concept
of Mt. Everest in utero, need not necessarily imply fetal hypoxia had
already been pointed out by Eastman in 1930 when he wrote: "It must
not be inferred from these findings that the fetus in utero normally suffers
from oxygen want, since the amount of oxygen lost by the umbilical
vein blood in its passage through the fetus would seem to be plentiful
for an organism resting in a dormant state in a medium at constant body
temperature." Moreover in a later paper Eastman and McLane!' found
that there was no detectable difference in lactic acid content between the
arterial and venous blood of the fetus in utero and concluded that normally
little of this acid was produced in the fetal tissues. In 1950 W. E. Huck-
abee" developed his concept of the measurement of excess lactate as an
indicator of an increase in anaerobic metabolism. Thereafter a variety
of investigators found that indeed the fetus normally in utero did not
produce an excess of lactate. More recently Battaglia, et al." showed that
if the umbilical oxygen tension as well as the oxygen saturation was
increased in the fetal circulation by means of the administration of oxygen
to the mother, there was no significant increase in the oxygen consumption
of the fetus. That the availability of more oxygen is not utilized by the
fetus seems to settle once and for all that the fetus normally gets all the
oxygen it wants. The three studies cited above adequately show that the
presence of a low oxygen tension and oxygen saturation should not be
confused with a state of "hypoxia" of the fetus.
Anti-thesis 2. - the degree of barrier action to oxygen does not increase
zuith advancing gestation.
The absence of an increasing barrier function is based on both anatomical
and physiological data. Wilkin and Burztein,m using planimetric methods,
showed that the villous surface of the placenta continued to grow with
18S
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the advancing pregnancy in the human. The increase in the villous surface
area was quite commensurate with the growth curve shown for fetuses.
In physiological studies Barron and Alexander' had shown that the
transplacental difference in oxygen tension, or the oxygen pressure
gradient across the placenta, did not vary in the last part of pregnancy
in sheep and goats. With development of techniques for the chronic
implantation of catheters in the fetal vessels, it also became obvious that
the oxygen tension and saturation in the umbilical circulation did not
decrease with advancing gestation, which disagreed with the previously
cited data of Kaiser and Cummings. Once the methodology for the
measurement of uterine and umbilical blood flow was perfected it became
possible to initiate physiological studies on the measurement of the diffusing
capacity of the placenta for a variety of substances throughout the course
of gestation. In one such study of the diffusion capacity of the placenta
for urea, Meschia, et al*. showed in sheep that during the last two months
of gestation the diffusing capacity of the placenta increased steadily and
was linearly related to the fetal weight. Thus the much more meaningful
entity of a functional diffusing capacity replaced the much less functional
entity of placental weight. Improved methodology therefore did much to
lay to rest the concept that with advancing gestation the placental barrier
function increased.
Anti-thesis 1. - the placenta is not a substantial barrier to the passage
of oxygen.
It will be recalled that this thesis was largely based on the existence
of a substantial oxygen pressure difference across the placenta, the fetal
measurements being obtained from samples of blood in the umbilical vein
and artery, with the difference in the maternal and fetal tension being
ascribed to a barrier function. As early as 1930, however, Eastman'" had
already refined the concept of Anselmino and Hoffman by ascribing the
low saturation of the umbilical vein to the fact that this blood in its
passage through the villous capillaries must have been exposed to a very
low oxygen tension. He calculated that it seemed the umbilical vein blood
would be exposed to an oxygen tension of no more than 40 millimeters
of mercury in the intervillous spaces. Thus he suggested that the lower
oxygen tension might be due to a factor other than the resistance of the
placenta.
In 1952 Huggett and Hammond' carried out a series of experiments
to measure the oxygen consumption of placental slices in vitro. From
the data obtained they calculated that it could be possible that part of
the oxygen pressure gradient across the placenta was in fact due to con-
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sumption of oxygen by the placenta itself. Here the suggestion was that
the pressure gradient for oxygen was due neither to a resistance of the
placental barrier nor to the nature of the blood on the maternal side,
but rather the result of the placenta itself consuming a large fraction of
the oxygen that left the mother. In 1966 Campbell, et al.' removed the
fetus in a series of pregnant sheep and replaced the fetal body by a per-
fusion pump. Having thus removed the factor of the oxygen comsumption
of the fetus, but having left the placenta in situ, they found that the
umbilical arterial and venous blood came into equilibrium at a PO2 much
below that in the arterial maternal blood. This was so regardless of
whether they allowed the mother to breathe oxygen. They found that
the oxygen consumption of the placenta and membranes together con-
stituted about 30-70%o of that of the fetus. This was a semi-in-vivo con-
firmation of the in vitro experiments of Huggett and Hammond, ascribing
to the placental oxygen consumption a major part of the pressure gradient
across it. Later still, by the measurement of the oxygen consumption of
the fetal body in utero, as well as by the measurement of the total oxygen
consumption of the uterus and its contents, Meschia and his coworkers'
calculated that about half of the oxygen that left the maternal circulation
was consumed by the uterus and the placenta.
That the placental oxygen consumption was not the only explanation
for the fact that the P02 in the umbilical circulation is low also was clear
from a series of studies in the early and mid 1960's carried out by Eliza-
beth Ramsey and her coworkers' at the Carnegie Institution of Washing-
ton in Baltimore. They showed by cinematographic studies with contrast
media in monkeys that not all maternal arterioles, opening into the inter-
villous space, were functioning simultaneously. The question therefore
arose to what extent blood might at a given time be circulating through
the villous capillaries of the fetus, while not in fact being functionally
exposed to a maternal input of oxygen into the intervillous spaces. Makow-
ski, et al.' combined measurements of total blood flow on the maternal
and fetal side of the sheep placenta with the use of microspheres to
demonstrate that, depending upon the gestational age, from 10-20%o of
the blood on the maternal side could be shunted away from the functional
exchange site.
By removing the fetal sheep, and perfusing the placenta in situ through
the umbilical circulation with a dextran solution containing carbon mon-
oxide and nitrous oxide, Metcalfe, et al." found that 19 ± 3%b of the
umbilical blood does not exchange with the maternal blood, i.e. consists
of shunted umbilical blood flow. There was very little difference between
the findings on perfusion from the umbilical artery to the umbilical vein
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or from the umbilical vein to the umbilical artery, leading to the suggestion
that the maternal and fetal vessels, in the sheep placenta, did not con-
stitute a counter current flow system. Meschia, et al.,' by studying the
permeability of the placenta to a series of solutes, demonstrated that for
some of them the rate of diffusion is limited by the resistance of the
placenta to the substance, but that for others the rate of transplacental
diffusion is limited by the rate of blood flow to the exchange site. The
fact that, regardless of the administration of oxygen, the uterine artery
and umbilical veins do not come into equilibrium as far as oxygen is
concerned strongly suggests, as do the experiments of Metcalfe, et al. that
the spatial arrangement of the maternal and fetal vessels in the sheep
placenta is not a countercurrent one.
More recently Johnsone7 showed that sheets of chorion laeve obtained
from human placentas and mounted in vitro in a two compartment system
offered a resistance to the transfer of oxygen that was little greater than
if the membrane had consisted of a layer of water. Lastly, in a series of
experiments in sheep and dogs, Longo, et al.' showed that by comparing
the relative rates of reaction of oxygen and carbon monoxide with red
cell hemoglobin, the relative rates of diffusion of the two gases suggested
that the true diffusing capacity for oxygen was about five times greater
than the reported value calculated from measurements of oxygen tension
in the mixed uterine and umbilical venous bloods. They also suggested
that the apparent end capillary PO2 gradients of 15-20 millimeters of
mercury obtained from sampling uterine and umbilical venous blood was
largely a result of the combination of uneven distribution of maternal
and fetal placental blood flow and placental oxygen consumption, rather
than a true resistance of the placental barrier to oxygen itself.
SUMMARY
It has been the purpose of this essay to discuss how in the course of
time views on the transplacental exchange of oxygen between mother
and fetus have changed. Starting with a concept that oxygen reached
the fetus directly through continuation of the maternal and fetal vessels,
moving through a recognition that the circulations were neither continuous
nor contiguous, and arriving at the theory that the membrane represented
a considerable barrier to the passage of oxygen (a barrier that increased
with advancing gestation and might be a hazard to fetal survival), we
have with time come to postulate that the low oxygen tension in the
fetal vessels might be the result of a series of circumstances in which
perfusion of two sides of the placenta is uneven, in which functional
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shunts exist, in which the absence of a counter current system niakes
oxygen equilibration between the uterine artery and umbilical vein im-
possible, and in which a large fraction of the oxygen tension difference
is due to placental oxygen consumption itself.
REFERENCES
1. Galenus, Claudius: De Usu Partium Corporis Humani. Paris, 1528, p. 433.
2. Vesalius, Andreas: De Humani Corporis Fabrica. Basel, 1543 (Facsimile Edi-
tion), pp. 518, 540-543.
3. Arantius, J. C.: De Humane Foetu. Bologna, 1564, pp. 22-33.
4. Nymman, Gregory: Dissertatio de Vita Foetus in Utero. Wittenberg, 1628, pp.
22-23.
5. Harvey, William: Excercitatio Anatomica de Motu Cordis et Sanguinis in
Animalibus. Frankfurt, 1628, pp. 33-37.
6. Harvey, William: Excercitationes de Generatione Animalium. London, 1651.
7. Charleton, Walter: Excercitationes Physico-Anatomicae. Amsterdam, 1659, p. 167.
8. Mauriceau, Francois: Traite des Maladies des Femmes Grosses et de Celles Qui
Sont Nouvellement Accouchees. Paris, 1683, pp. 279-281.
9. Fabricius ab Aquapendente, Hieronymus: Opera Omnia Anatomica et Physio-
logica. Leipzig, 1687, p. 85.
10. Roederer, J. G.: Dissertatio Medica Inauguralis. De Foetu Perfecto. 1750. In,
Haller, Albertus: Disputationes Anatomicae Selectae, Vol. VII, Gottingen,
1751, pp. 315-338.
11. Girtanner, Christoph: Abhandlung iiber die Krankheiten der Kinder. Berlin,
1794, p. 19.
12. Scheel, Paul: Dissertatio Inauguralis Physiologica de Liquore Amnii Asperae
Arteriae Foetuum Humanorum Cui Adduntur Quadem Generaliora de
Liquore Amnii. Copenhagen, 1798.
13. Lobstein, J.F.: Essai sur la Nutrition du Foetus. Strasbourg, Levrault, 1802,
p. 124.
14. Cohnstein, J. and Zuntz, N.: Untersuchungen uiber das Blut, den Kreislauf und
die Athmung beim Saugethier-Fotus. Pfluig. Arch. Ges. Physiol., 1884, 34 173.
15. Huggett, A. St. G.: Fetal blood gas tensions and gas transfusion through the
placenta of the goat. J. Physiol., 1927, 62, 373-384.
16. Haselhorst, G.: Uber den Blutdruck in den Nabelschnurgefassen, die Ansschal-
tung des Nabelschnur- und Placentar Kreislaufs nach Geburt des Kindes
und uber den Blutstillungs mechanismus. z. Geb. Gynak., 1929, 25, 400-426.
17. Eastman, N.J.: Fetal blood studies: I. The oxygen relationships of umbilical
cord blood at birth. Bull. Johns Hopk. Hosp., 1930, 47, 221-230.
18. Anselmino, K.J. and Hoffman, F.: Die Ursachen des Icterus Neonatorum. Arch.
Gynak., 1930, 143, 477-499.
19. Dodds, G. S.: The area of chorionic villi in the full term placenta. Anat. Rec.,
1922, 24, 287-294.
20. Hufner, cited by A. Loewy, in: Oppenheimer Handbuch der Biochemie des
Menschen und der Tiere. Jena, 1926.
21. Metcalfe, J. Meschia, G., Hellegers, A. E., Prystowsky, H., Huckabee, W. E.,
and Barron, D. H.: Observations on the growth rates and organ weights
of fetal sheep at altitude and sea level. Quart. J. exp. Phys., 1962, 47, 305-313.
22. Barcroft, J. and Kennery, J. A.: The distribution of blood between the fetus
and the placenta in the sheep. J. Physiol., 1939, 95, 173-186.
23. Kaiser, I. H. and Cummings, J. N.: Hydrogen ion and hemoglobin concentration,
carbon dioxide and oxygen content of blood of the pregnant ewe and fetal
lamb. J. appl. Physiol., 1957, 10, 484-492.
24. Eastman, N. J. and McLane, C. M.: Fetal blood studies: II, The lactic acid
content of umbilical cord blood under various conditions. Bull. Johns Hopk.
Hosp., 1931, 48, 261-268.
25. Huckabee, W. E.: Anaerobic energy metabolism in man. Boston med. Quart.,
1958, 9, 1-8.
189YALE JOURNAL OF BIOLOGY AND MEDICINE Decemberl969-Februaryl970
26. Battaglia, F. C., Meschia, G. Makowski, E. L., and Bowes, W.: The effect of
maternal oxygen inhalation upon fetal oxygenation. J. clin. Invest., 1968, 47,
548-555.
27. Wilkin, P. and Burztein, M.: Atude Quantitative de l'Evolution, au cours de la
Grossesse, de la Superficie de la Membrane d'Echange du Placenta Humain.
In, Snoeck, Jean: Le Placenta Humain. Paris, Masson et Cie, 1958, pp.
211-24&
28. Barron, D. H. and Alexander, G.: Supplementary observations on the oxygen
pressure gradient between the maternal and fetal bloods of sheep. Yale J.
Biol. Med., 1952, 25, pp. 61-66.
29. Meschia, G., Breathnach, C. S., Cotter, J. R., Hellegers, A. E., and Barron, D.
H.: The diffusability of urea across the sheep placenta in the last two
months of gestation. Quart. J. exp. Physiol., 1965, 50, 23-41.
30. Huggett, A. St. G. and Hammond, J.: Physiology of the placenta. In, Parkes,
A. S. (ed.): Marshall's Physiology of Reproduction. London, Longmans,
Green & Co., Ltd., 1952, pp. 312-397.
31. Campbell, A. G. M., Dawes, G. S., Fishman, A. P., Hyman, A. I., and James,
G. B.: The oxygen consumption of the placenta and foetal membranes in
the sheep. J. Physiol., 1966, 182, 439-464.
32. Meschia, G., Cotter, J. R., Makowski, E. L. and Barron, D. H.: Simultaneous
measurement of uterine and umbilical blood flows and oxygen uptakes.
Quart. J. exp. Physiol., 1967, 52, 1-18.
33. Ramsey, E. M.: Circulation in the intervillous space of the primate placenta.
Amer. J. Obstet. Gynec., 1962, 84, 1649-1663.
34. Makowski, E. L., Meschia, G., Droegemueller, W., and Battaglia, F. C.: Dis-
tribution of uterine blood flow in the pregnant sheep. Amer. J. Obstet. Gynec.,
1968, 101, 409-412.
35. Metcalfe, J., Moll, W., Bartels, H., Hilpert, P., and Parer, J. T.: Transfer of
carbon monoxide and nitrous oxide in the artificially perfused sheep placenta.
Circ. Res., 1965, 16, 95-101.
36. Meschia, G., Battaglia, F. C., and Bruns, P. D.: Theoretical and experimental
study of transplacental diffusion. J. Appl. Physiol., 1967, 22, 1171-1178.
37. Johnson, J. W. C.: The diffusivities of oxygen and water in human chorion.
(Presented at the Annual Meeting of the Society for Gynecologic Investi-
gation., March 20-21, 1969, Denver, Colorado).
38. Longo, L. D., Power, G. G., and Forster, R. E.: Respiratory function of the
placenta as determined with carbon monoxide in sheep and dogs. J. Clin.
Invest., 1967, 46, 812-827.
190